Beetroot (Beta vulgaris L.), which is rich in betacyanin and antioxidant compounds, has been utilized as a good source of red pigment and antioxidants. Nevertheless, these compounds are thermally sensitive, consequently, being degraded in processes conducted at high temperature. This research focused on effects of maltodextrin and hot air temperature on losses of betacyanin and antioxidant capacity in spray drying of beetroot juice. Results indicated that adding maltodextrin and temperature of hot air significantly influenced on loss by thermal effect, consequently, on the recovery yield of betacyanin and antioxidant capacity of beetroot juice powder. Adding maltodextrin enhanced protection of betacyanin and antioxidants in beetroot juice against thermal effect. Increasing temperature of hot air caused increase in loss by thermal effect of betacyanin and antioxidant capacity. The loss of antioxidant capacity by thermal effect was higher than that of betacyanin. Results also indicated that the suitable conditions of spray drying of beetroot juice are adding maltodextrin to reach 30 % w/w of total solid content and 150 o C of hot air temperature.
INTRODUCTION
Beetroot (Beta vulgaris L.) is rich in betacyanin and antioxidants. It exhibits the good antioxidant, anticancer and antidiabetic capacities [1] . Recently, it has been utilized as the pigments for foods. FDA certificated on using beetroot as a natural red pigment, which is determined by betacyanin. Nevertheless, betacyanin and antioxidants are thermally sensitive [2, 3] . Thus, these constituents can be destroyed in thermal processing.
Recently, spray drying has been applied for production of water-soluble pigment powder. In spray drying, maltodextrin is used as a wall material due to the good oxidative stability [4] and high dispersion in water, consequently, high retention of pigment compounds [5] . When manufacturing the pigment powder from beetroot juice by spray drying, maltodextrin is preferable for carrier [6] . However, degradation of betacyanin and antioxidants in spray drying of beetroot juice has been not reported yet. This paper focused on losses of betacyanin and antioxidant capacity in spray drying of beetroot juice. The effects of maltodextrin and hot air temperature on moisture of powder, recovery yield and loss by thermal effect of betacyanin and antioxidant capacity were investigated.
MATERIALS AND METHODS

Materials
Beetroot (Beta vulgaris L.) was purchased in local market in Da Lat City, Lam Dong Province, Vietnam. Beetroot was peeled and ground by knife mixer. Then, it was pressed by hydraulic compressor, followed by filtration with cloth. Total solid content in beetroot juice was 9.3 % w/w. The juice was stored at 4 o C prior to use.
Maltodextrin was supplied by Jeecon Foods Company (India). DE and moisture of maltodextrin are 15 -20 and 6.0 %, respectively. All chemicals were supplied by Sigma Aldrich (USA) with analytical grade.
Spray drying
Spray drying using in this research was Mini Spray Dryer B-290, a laboratory scale spray drier manufactured by Buchi (Switzerland). Pressure for spraying fluid was 3 bars. Feed flow rate was 5 mL/min. Maltodextrin was added into juice to reach the investigated total solid content.
Recovery yield of total solid content in spray drying was determined as the following equation:
where, Y TS : Recovery yield (%), m juice and m powder : mass (kg) of beetroot juice and powder, respectively; C TS : total solid content (% w/w); a: moisture of powder (% w/w).
Recovery yields of betacyanin and antioxidant capacity in spray drying was determined as the following equation:
where, Y i : Recovery yield (%) of constituent, m juice and m powder : mass (kg) of beetroot juice and powder, respectively; C juice,i and C powder,i : concentration (mg/g dried solid) of constituent in juice and powder, C juice,i : moisture of powder (% w/w).
Losses of betacyanin and antioxidant capacity by thermal effect were determined as the following equation:
where, L i : Loss (%) of constituent.
Analysis methods
Total solid content: Total solid content was analyzed by drying sample at 105 o C until constant mass was obtained.
Moisture of powder:
Moisture of powder was analyzed by drying sample at 105 o C until constant mass was obtained.
Betacyanin content: Betacyanin content was analyzed by the spectrophotometric method. Sample was diluted by phosphate buffer at pH 6 to obtain 0.3-0.8 of absorbance. Then, the sample was determined with absorbance at 538 nm of wavelength [7] .
Antioxidant capacity: Antioxidant capacity was determined as 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity [8] . 1 ml of solution containing from 0.1 to 0.5 mg of beetroot juice in 95 % methanol or 1 ml of methanol (control) were mixed with 3 ml of 90 μM DPPH in 95 % methanol and 8 ml of 95 % methanol. The mixture was vortexed thoroughly for 1 min and kept at room temperature for 60 min, then the absorbance was determined at 515 nm of wavelength. DPPH scavenging activity was calculated using the following equation:
where, SA: scavenging capacity, A control : absorbance of the control reaction (containing all reagents except the beetroot juice), A sample : absorbance in the presence of the sample.
RESULTS AND DISCUSSION
Effect of maltodextrin
Influence of maltodextrin on moisture of beetroot juice powder in spray drying of beetroot juice at 150 o C of hot air inlet temperature is shown in Fig. 1 . Result indicated that adding more maltodextrin led to lower moisture of beetroot juice powder. In spray drying, at the same temperature of hot air and parameters of fluid atomization, moisture of powder is determined by solid content [9] . Increase in total solid content in feed by adding maltodextrin prior to spraying results in reduction of the amount of water for evaporation, consequently, reducing moisture of powder obtained from the drying [10] . Result in Fig. 2 indicated that, the lower moisture in powder resulted in higher recovery yield of total solid. Powder with high moisture tends to agglomerate on surface of drying cabin and pipeline; thus, it is not recovered by cyclone of drying system [9] . Result in Fig. 2 also indicated that adding more maltodextrin resulted in high recovery yields of betacyanin and antioxidant capacity. Nevertheless, relationship between recovery yield of total solid and that of betacyanin and antioxidant capacity was not linear. It implied that, betacyanin and antioxidants were lost by not only agglomeration of solid, but also thermal destruction. Result in Fig. 3 showed that, higher content of total solid resulted in less thermal destruction of betacyanin and antioxidants. In spray drying, maltodextrin plays a role as a wall material, which encapsulates betacyanin and antioxidants to against the thermal effect [4, 9] . The more the encapsulation by wall material is the more the protection against thermal effect, consequently, the higher the recovery yield is [11] . With total solid being higher 25 %, the influence of maltodextrin on thermal destruction of betacyanin and antioxidants was not significant; consequently, relationship between recovery yield of total solid and that of betacyanin and antioxidants became linear. Perhaps, with that amount of maltodextrin added, the encapsulation of betacyanin and antioxidants in beetroot juice was appropriately completed to against the thermal effect. The losses of betacyanin and antioxidant capacity by thermal effect were significantly different (Fig. 3) . It can be explained that, in beetroot juice, antioxidant capacity is determined by not only betacyanin, but also other compounds, such as: betaxanthin, polyphenols, vitamins, etc. [1] . The effect of temperature on these compounds are different; thus, their thermal destructions are different. The result also indicates that adding of maltodextrin into beetroot juice to obtained 30 % w/w of total solid content was suitable for the spray drying.
Effect of temperature of hot air
Effect of hot air temperature on moisture of beetroot powder in spray drying of beetroot juice containing 30% w/w of total solid content is shown in Fig. 4 . The increase in temperature of hot air resulted in decrease in moisture of powder. The higher temperature results in higher enthalpy of hot air. Thus, vaporization of water is enhanced, and moisture of powder reduces [11] . Increase in hot air temperature resulted in increase in recovery yield of total solid (Fig. 5 ) due to reduction of moisture of powder (Fig.4) . For betacyanin and antioxidants, in range of 110-150 o C of hot air temperature, recovery yields increased with increase in temperature of hot air. When temperature was higher than 150 o C, increase in hot air temperature resulted in decrease in recovery yields of betacyanin and antioxidant capacity (Fig. 5) . Reason for that is the significant increase in thermal destruction of betacyanin and antioxidants. Result in Fig. 6 showed that, in range of 110-150 o C, loss of betacyanin by thermal effect was insignificant; however, it increased with increase in hot air temperature from 150 to 170 o C. For antioxidant capacity, rate of loss by thermal effect in range of 110-150 o C was lower than that in range of 150-170 o C. Comparing to betacyanin, loss of antioxidant capacity was higher. It implies that there are a number of antioxidant compounds which are more thermally sensitive than betacyanin [3] . Result also indicated that the suitable temperature of hot air for spray drying of beetroot juice is 150 o C. 
CONCLUSIONS
Results obtained in this research indicated that maltodextrin and hot air temperature significantly influenced on losses of betacyanin and antioxidant capacity of beetroot juice in spray drying. The loss of antioxidant capacity by thermal effect was higher than that of betacyanin. Increase in adding of maltodextrin resulted in decrease in losses of betacyanin and antioxidant capacity by thermal effect. Increase in hot air temperature caused the increase in losses of betacyanin and antioxidant capacity. Adding of maltodextrin to reach 30% w/w of total solid and 150 o C of hot air temperature are suitable for spray drying of beetroot juice due to low loss by thermal effect and high recovery yield of betacyanin and antioxidant capacity. 11. Mishra P., Mishra S., and Mahanta L. C. Củ dền đỏ (Beta vulgaris L.) được xem là nguồn chất màu đỏ và các chất chống oxi hóa tốt cho thực phẩm vì giàu betacyanin và các hợp chất chống oxi hóa. Tuy nhiên, các thành phần này nhạy cảm với nhiệt độ và bị phân hủy trong các quá trình được thực hiện ở điều kiện nhiệt độ cao. Nghiên cứu này khảo sát ảnh hưởng của maltodextrin và nhiệt độ không khí nóng đến tổn thất của betacyanin và khả năng chống oxi hóa của nước ép củ dền trong quá trình sấy phun. Kết quả cho thấy rằng, việc bổ sung maltodextrin giúp bảo vệ được betacyanin và các chất chống oxi hóa, hạn chế tổn thất do tác động của nhiệt độ. Tăng nhiệt độ của không khí nóng sẽ làm tăng tổn thất của betacyanin và các chất chống oxi hóa. Tổn thất của khả năng chống oxi hóa do tác động của nhiệt độ trong quá trình sấy phun nước ép củ dền cao hơn so với tổn thất của betacyanin. Kết quả thu được cho thấy rằng, điều kiện phù hợp để sấy nước ép củ dền là bổ sung maltodextrin để đạt nồng độ chất khô 30 % w/w và sấy ở điều kiện nhiệt độ không khí nóng 150 o C.
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